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Cyst-derived cells do not exhibit accelerated growth or features of
transformed cells in vitro. Progressive renal enlargement is a prominent
feature in autosomal dominant polycystic kidney disease (ADPKD).
suggesting that the disease is due to hyperplasia and/or preneoplastic
transformation of renal epithelial cells. In this study in vitro methods
were developed to grow and propagate large numbers of cyst-derived
epithelial cells from ADPKD kidneys and cortical epithelial cells from
normal human kidneys (NK). In order to study their biologic features
during early cell passages, cells were grown on Vitrogen (bovine dermal
collagen)-FCS (fetal calf serum) coated dishes and fed a basic medium
(DME:F12) supplemented with 10% FCS or a defined medium (Sens)
containing insulin. transferrin, selenium, hydrocortisone, tri-iodothyro-
nine and epidermal growth factor (EGF). Both ADPKD and NK cells
grew as monolayers, were positive for keratin by immunohistochemis-
try and flow cytometry and had ultrastructural features of renal epithe-
hal cells. Confluent NK and ADPKD monolayers formed domes. In
contrast to NK cells, the growth and propagation of ADPKD cells were
not supported by defined medium alone but required serum supplemen-
tation and ADPKD cells did not respond to growth factors (insulin,
transferrin, EGF) that promoted the growth of NK cells. In serum
supplemented media, the growth rate, cell doubling time and end cell
number of ADPKD and NK cells were the same. Moreover, ADPKD
cells did not exhibit any in vitro features of transformed cells: they were
not immortal, they were sensitive to contact inhibition, they were
anchorage dependent and they were not tumorigenic in nude mice.
These findings do not support an increased rate of cell growth or cell
transformation as causative factors in ADPKD.
Autosomal dominant polycystic kidney disease (ADPKD) is
one of the most common genetic human diseases it afflicts
about one-half million individuals in the United States and
accounts for about 10 percent of the hemodialysis population
[1—31. Although the gene defect in this disease has been local-
ized to the short arm of chromosome 16 [4, 5] the pathogenesis
of PKD remain unknown. Recent findings suggest two possible
etiologies for PKD: (1) tubular cell hyperplasia with cell trans-
formation to a preneoplastic state, and (2) tubular cell synthesis
of a defective tubular basement membrane (BM) resulting in
altered BM-cell interaction.
Numerous studies propose that cell growth is a requirement
for cyst enlargement and that tubular cell hyperplasia is an
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important causative factor in PKD [6—9]. Our findings in diphe-
nylthiazohe (DPT) drug-induced PKD suggests that the tubular
epithelial cell is modified and exhibits the following features of
transformed cells: faulty plasma membrane receptor-adenylate
cyclase interaction, deregulation of cell division, and altered
biosynthesis of basement membrane components [10—15].
Thus, the cells may be transformed to a premahignant stage and
the disease may represent a benign neoplastic process. The high
incidence of benign renal adenomas and carcinomas in patients
with acquired PKD may support this concept [16].
On the other hand, several findings suggest altered tubular
cell-BM interaction as an important factor in the development
of PKD. Observations of microdissected nephrons from
ADPKD kidneys at early stages of cyst development [17] reveal
that cystic change is a localized event in which there is loss of
normal tubular morphogenesis accompanied by increased cell
growth and BM formation. This finding indicates that a change
in the microenvironment of the tubule induces cystic transfor-
mation. The epithelial cell has a major role in the synthesis and
degradation of the BM and the BM relays signals back to the
cells that affect cellular gene expression, differentiation, divi-
sion, shape and movement [18—23]. Moreover, the BM and
interstitium exert a key role in organ, that is, tubular, morpho-
genesis [24, 25]. In DPT-induced PKD, de nos'o synthesis of
sulfated proteoglycans by cystic epithelial cells is markedly
reduced [261 while synthesis of fibronectin is increased [15].
This is accompanied by prominent ultrastructural thickening of
the BM [13]. Similarly, the BM of cysts is greatly thickened in
ADPKD [27] and exhibits loss of staining to fluorescent-tagged
anti-heparin sulfate proteoglycan [28]. Thus, the primary event
in PKD may be aberrant synthesis of one or more BM constit-
uents and the formation of an abnormal BM, which in turn
results in defective tubular morphogenesis, impaired cell differ-
entiation, increase cell growth and, ultimately, cystic transfor-
mation.
In this study, in vitro methods were developed to isolate and
propagate large number of cells from cysts of ADPKD kidneys.
These cultured cells were tested at early passages to determine
their growth requirements and growth rate of ADPKD cells
compared to normal human renal epithehial cells (NK) and to
determine if ADPKD cells possessed any of the biological
features of transformed cells. The findings indicate that
ADPKD cells in vitro may have more stringent growth factor
requirements than normal cells as they require serum supple-
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mented media. The findings also show that cystic cells grow at
essentially the same rate as normal cells and that cystic cells do
not have the characteristics of transformed cells.
Methods
Dulbecco's modified Eagle's medium and Fl2 medium, anti-
biotic-antimycotic solution, hyaluronidase, DNAse, epidermal
growth factor (EGF), insulin, hydrocortisone (HC), transferrin
(TRN), selenite, triiodothyronine (T3), vitamin C, colcemid,
and propidium iodide were obtained from Sigma Chemical
Company (St. Louis, Missouri, USA). Plasma-derived equine
serum (PDS) was obtained from Hyclone Labs (Logan. Utah,
USA). Fetal calf serum (FCS) was obtained from KC Biological
(Lenexa, Kansas, USA). Trypsin-EDTA solution was obtained
from Gibco (Grand Island, New York, USA). Giemsa stain and
Gurr's buffer were obtained from Bio/Medical Specialties
(Santa Monica, California, USA). Vitrogen was obtained from
Collagen Corporation (Palo Alto, California, USA). Collage-
nase was obtained from Cooper Biomedical (Elmhurst, Illinois,
USA). Prostaglandin E1 was obtained from Upjohn Company
(Kalamazoo, Michigan, USA). Transforming growth factor beta
(TGF-B) was from Dr. Michael Sporn. All tissue culture plastic-
ware was obtained from Falcon Plastics (Oxnard, California,
USA). All water used was from a Milli-Q water purification
system from Millipore Corporation (Bedford, Massachusetts,
USA). Anticytokeratin monoclonal antibody was obtained from
Oncogene Science, Inc. (Mineola, New York, USA) and Im-
munon K3350 from Lipshaw (Detroit, Michigan, USA).
Cell culture
Polycystic kidneys from five patients with autosomal domi-
nant PKD with end-stage kidney disease and normal portions of
seven human kidneys removed surgically for neoplasms were
used in this study. The age range of the patients was 30 to 50
years. The following methods were developed in order to
isolate large numbers of ADPKD or NK cells so in vitro studies
could be done on cells passaged only one to four times. For
polycystic kidneys, cyst wall was dissected free from the
surrounding renal tissue and immediately placed in cold 4°C
DME:F12 (1:1 by volume). Generally several cysts were ob-
tained from a single kidney and were combined to increase the
number of cells isolated. Using fine watchmaker's forceps, the
epithelial layer was separated from the connective tissue layer
of each cyst. These cystic epithelial layers were minced and
enzymatically digested for 45 minutes at 37°C using 0.2%
collagenase, 0.25% hyaluronidase, and 0.08% DNAse in
DME:F12, Similarly, small portions of normal renal cortex or
medulla were minced and enzymatically digested. The freed
ADPKD or NK cells were pelleted by centrifugation to 500 g for
five minutes. The cells were washed with PBS, plated on
collagen-coated dishes in complete medium (DME:F12 supple-
mented with 10% plasma-derived equine serum PDS) and refed
the next day with complete medium. Cells were maintained as
stock cultures in complete medium containing 100 U/mI peni-
cillin, 100 g/ml streptomycin, and 250 ng/ml amphotericin B in
a humidified atmosphere of 5% CO,. 95% air. Both ADPKD and
NK cells grew as homogenous monolayers and could be pas-
saged easily at a split ratio of 1:3 for four to six passages. Cells
were refed twice weekly. The isolation and propagation of cells
in PDS lacking in PDGF suppressed the growth of nonepithelial
cells.
Preparation of collagen-coated dishes
Sterile Vitrogen solution (pepsin-solubilized bovine dermal
collagen) was diluted to 1 mg/mI with 0.1% acetic acid. All petri
dishes and flasks used were flooded with dilute Vitrogen and the
excess removed by gentle aspiration and allowed to air dry.
They were rinsed three times with PBS containing Ca and
Mg (PBS) and flooded with fetal calf serum (FCS), and
allowed to incubate at 4°C overnight or at 37°C for one hour.
The dishes or flasks were rinsed twice with PBS prior to use
(V/FCS-coated dishes).
Suhculturing of cells
Cells were subcultured from stock cultures by rinsing the
monolayer with PBS without calcium and magnesium (PBS-)
three times and flooding the monolayer with 0.05% trypsin,
0.02% EDTA for 30 seconds at room temperature. The trypsin-
EDTA was aspirated and the flask or dish incubated at 37°C for
five minutes. At the end of five minutes the cells had detached
from the surface of the culture vessel and were suspended in
complete medium. Appropriate dilutions of the cell suspension
with complete medium were made for subsequent experiments.
Electron microscopy
Cellsat confluency were fixed in 2.5% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.4, for two hours, rinsed with cacodylate
buffer and post-fixed in 1% osmium tetroxide in cacodylate
buffer for one hour. The cells were rinsed, dehydrated in a
grade series of ethanols and embedded in an epoxy resin.
Sections were stained with uranyl acetate and lead citrate and
viewed and photographed with a Phillips, Model 300 Electron
Microscope.
Flow cytometn' and immunohistochemistry
Cells to be analyzed by flow cytometry were trypsinized,
fixed in —70°C absolute methanol and stored at —20°C until
immunofluorescence staining with an anti-cytokeratin (MoAb)
and propidium iodide. After fixation, cells were washed with
PBS containing 0.1% albumin, 0.1% azide, and 0.002% Triton-
X 100 (PBA) and then stained for cytokeratin using a standard
indirect immunofluorescence procedure. Cells were incubated
for one hour at 0°C with either I ml (2 j.tg) of anti-cytokeratin
(MoAb) or an equivalent amount of mouse IgG which serves as
an isotype control. Then the cells were washed twice with
PBA and incubated for 30 minutes with 330 A of FITC-
conjugated goat anti-mouse IgG at 0°C. Cells were washed
twice with PBA, and then digested in RNAse for 20 minutes at
37°C. Cells were centrifuged and suspended in 50 sg/m1 propi-
dium iodide (P1) in PBS containing 3% polyethylene glycol
overnight at 4°C in the dark. One ml P1 solution was used for
two million cells.
For immunohistochemistry, monolayers of NK and ADPKD
cells grown on glass coverslips were fixed in 4% formaldehyde
and stained for cytokeratins by the avidin-biotin-peroxidase
complex method using Immunon K3350, a poo1 of three specific
monoclonal antibodies against keratin intermediate filaments.
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Fig. 1. Subconfluent monolayer of NK cells (A) and confluent monolayer of ADPKD cells (B). Cells were seeded on vitrogen-FCS coated dishes
and fed DME:F12 supplemented with 10% plasma derived equine serum. (X 100).
Growth rate analysis
Cells to be analyzed for growth rate determination were
trypsinized from stock cultures, seeded onto V/FCS-coated
dishes at 40,000 cells per 35 mm dish and allowed to attach
overnight. The next day, the dishes were rinsed three times
with PBS and refed with test medium. We compared a
hormonally defined medium (Sens) described by Detrisac et al
[29] with Sens medium supplemented with 10% FCS. Sens
medium has the following composition: DME/F- 12 (I : I) con-
taining insulin (5 g/ml), transferrin (5 g/ml), selenium (5 g/
ml), hydrocortisone (36 g/ml), triiodothyronine (4 pg/mI) and
epidermal growth factor (10 g/ml). At the same time, cell
numbers were determined by rinsing two or three dishes with
PBS- and adding I ml of trypsin-EDTA. The contents of each
dish were counted in a Coulter Model F particle counter
(Hialeah, Florida, USA). At appropriate times after initiation of
the cultures (I to 14 days) cell counts were performed in
triplicate. Cell doubling times were determined on seven sepa-
rate NK cell isolates and on five separate ADPKD cell isolates.
Response to groi'll, factors
Cells to be tested for growth factor responsiveness were
seeded as stated above in DME:Fl2 supplemented with 10%
FCS. The next day, the dishes were rinsed three times with
PBS. Baseline cell counts were determined at this time.
ADPKD or NK cells refed DME:Fl2 supplemented with 10%
FCS represented 100% growth. The growth of ADPKD or NK
cells in response to individual growth factors in 0.4% FCS was
compared to the response in 0.4% FCS alone over a six day
period. Cell counts were determined in triplicate.
Plating efficiencY in agarose and on plastic
To test for anchorage-independent growth of both ADPKD
and NK cells, the cells were trypsinized as usual from stock
cultures and cells were plated at l0 or lO per 60 mm dish in 1.5
ml of media containing 0.425% agarose atop a base of 5 ml
0.85% Sea Plague agarose in complete medium [301. Dishes
were kept in a humidified atmosphere of 5% CO,. 95% air for
three weeks. At the end of this time interval plates were viewed
under a phase microscope using a low power objective. The
number of cells in 10 fields (40 sq. mm total) were counted, and
assays were done in triplicate and repeated for different cell
isolates. For assays on plastic the cell suspension was diluted
with complete medium and cells were plated onto previously
prepared 60 mm Falcon dishes at 200 cells per dish. The dishes
were incubated at 37°C in 5% CO2. 95% air for three weeks, and
the medium was changed once per week. All assays were done
in triplicate and carried out on several different cell isolates. At
the end of three weeks the dishes were rinsed in PBS, fixed,
and stained using Fisher Leuko Stat Stain kit. The stained
colonies were counted and recorded.
Results
Features in cell culture
Primary ADPKD cells attached to the surface of the dish
within 24 hours after plating reached confluency between one
and two weeks, depending on the number of cells isolated from
the ADPKD kidney. Cells from each isolate could be passaged
by trypsinization and maintained in culture for several months,
although growth slowed as passage number increased. The cells
used in these experiments were between the first and fourth
passages.
Both ADPKD and NK cells grew as homogeneous monolay-
ers (Fig. I) and each cell type after attaining confluency formed
hemicysts or domes indicative of vectorial transport. By elec-
tron microscopy NK cells grew as a monolayer (Fig. 2A) and
had the features of cultured human proximal tubular cells as
described by Sens and co-workers [29, 31]. Tight junctions
separated an apical luminal membrane with microvilli from a
simple lateral and basal membrane which had few interdigita-
tions (Fig. 2A). Nuclei were oval with scattered chromatin and
mitochondria, rough endoplasmic reticulum, lysosomes and
vesicles were randomly scattered in the cytoplasm. Similarly,
ADPKD cells grew as a monolayer in vitro (Fig. 2B). They
exhibited polarity with lateral-apical tight junctions delineating
an apical membrane with microvilli from a simplified basolateral
membrane (Fig. 2B). Nuclei and subcellular organelles of
ADPKD cells in vitro did not differ greatly from NK cells (Fig.
2). Flow cytometry was utilized to examine whether NK and
ADPKD cells contained cytokeratin, using indirect immunoflu-
orescence staining and analysis in conjunction with anti-cyto-
keratin MoAb relative to an isotype control. Comparison of
mean anti-cytokeratin fluorescence of both NK and ADPKD
cell populations were about sevenfold greater than that of the
isotype control, indicating that the two cell types contain a high
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Fig. 2. Electron micrographs ofeonfluent NK cells (A) and ADPKD cells (B) on vitrogen-FCS coated dishes andfed DME:F12 supplemented with
10% plasma derived equine serum. Arrows indicate tight intercellular junctions. Original magnification (A) 4,000; (B) 3,000.
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level of cytokeratin (Fig. 3). Essentially all NK and ADPKD
cells in monolayer were strongly positive for binding of specific
anti-keratin monoclonal antibodies using an immunoperoxidase
procedure. Growth of fibroblastic cells was not seen.
Fig. 3. Fluorescence intensity as measured by
flois' evto,netrv of ADPKD cells stained with
AB—I (anti—cvtokeratin) monoclonal antibody
and an iSotvpe control at the same
concentration.
Growth requirement and growth rate ofADPKD cells
To determine if ADPKD cells had unique growth require-
ments the growth of ADPKD and NK cells were compared both
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Fig. 4. Growth curves of NK (A) and ADPKD (B) cells on vitrogen-
FCS coated dishes and fed defined inediwn supple,nented t'itlz /0%
feta! calf serum (0) or defined medium alone (0).
in defined medium and in medium supplemented with 10%
serum. We used the defined medium developed by Detrisac et al
[29] for the growth ofnormal human epithelial cells of proximal
tubular origin. Over a 14 day period NK cells grew almost as
well in Sens medium as in Sens medium supplementedwith 10%
FCS, and final cell densities at plateau (day 14) were only
slightly lower (Fig. 4). Beyond day 8, the growth of NK cells
was density arrested (Fig. 4). ADPKD cells grew at essentially
the same rate as NK cells in Sens medium supplemented with
10% FCS and cell growth was density arrested beyond day 10
(Fig. 4). On the other hand, the growth of ADPKD cells was
significantly reduced in Sens medium alone (Fig. 4). Thus,
propagation of ADPKD cells in vitro could not be sustained by
defined medium alone but required serum supplementation.
The cell doubling times were determined for ADPKD and N K
cells grown in defined medium alone and in defined medium
supplemented with 10% serum. The cell doubling times for NK
and ADPKD cells were essentially the same in serum supple-
mented medium with means of3l.9 and 34.3 hours, respectively
(Table I), indicating that the growth rate of ADPKD cells was
not accelerated compared to NK cells. In defined medium alone
the doubling time of normal cells was somewhat prolonged and
Table 1. Cell doubling time (hours)
Cell isolate N
Defined medium
+ 10% serum Defined medium
NK
ADPKD
7
5
31.9 1.4
34.3 1.9
46.3 5.2
101.7 11.7
Values are means sD.
had a mean of 46.3 hours (Table I). On the other hand, ADPKD
cells undergo only a single doubling in the defined medium but
double every 34.3 hours in serum supplemented medium. The
single doubling may be due to residual serum which cannot be
washed out easily.
Response to growth factors
The growth response of ADPKD and NK cells to growth
factors was determined in vitro. Forthis purpose, cell number
was determined in triplicate after six days of growth. Cell
number of ADPKD or NK cells in 10% FCS in basic medium
(DME/F12) represented 100% growth for each cell type (Fig. 5).
Response of ADPKD or NK cells to growth factors was
compared to growth for each cell type in 0.4% FCS in basic
medium (Fig. 5). The growth of NK cells was promoted by Sens
defined medium, EGF and transferrin (Fig. 5). On the other
hand ADPKD cells did not exhibit a growth response to Sens
defined medium. EGF or transferrin (Fig. 5). NK and ADPKD
cells exhibited little response to TGF-J3. Thus, ADPKD cells do
not respond to growth factors that normally promote the growth
of normal renal epithelia and their growth is apparently depen-
dent upon one or more factors in serum.
Life span
The life spans of ADPKD and NK cells in culture were
similar. A total of three cell isolates from two kidneys from
different patients with ADPKD grown in 10% serum supple-
mented medium underwent 14 to 16 population doublings
before senescence and cell death. Likewise, a total of three cell
isolates from two separate normal human kidneys underwent 12
to 18 population doublings before senescence and cell death.
The life span of cystic and normal renal epithelia was markedly
reduced in defined medium compared to serum supplemented
medium. A cell isolate from a normal human kidney survived 12
generations in 10% serum-supplemented medium and survived
only five population doublings in defined medium. Life span of
cystic epithelia was drastically reduced in defined compared to
serum supplemented medium. A cell isolate of cystic epithelia
survived 16 generations in 10% serum supplemented medium
and survived 0,7 generations in defined medium alone.
Plating efficiency in agarose and on plastic
Isolates ofNK and ADPKD cells had similar abilities to clone
without anchorage in soft agar (Table 2). Similarly, there was no
difference in the ability of NK or ADPKD isolates to clone on
plastic when seeded in low numbers (Table 2). In contrast, an
established cell line isolated from a human renal cell carcinoma
demonstrated significantly increased clonogenicity in soft agar
and on plastic compared to NK and ADPKD (Table 2) cells.
These data suggest that ADPKD cells lack transformed pheno-
typic expression.
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Discussion
In this study, methods were developed for the isolation and
propagation of large numbers of ADPKD cells from kidneys of
individuals with autosomal dominant PKD. Since the rate of
growth of ADPKD cells slowed after five to six passages, the
isolation of large numbers of cells was essential so studies could
be done on cells passaged only two to four times. The growth
requirements of ADPKD cells in vitro were different from both
normal and transformed cells. In contrast to normal renal
epithelial (NK) cells, ADPKD cells did not grow appreciably
without serum supplementation and could not be propagated at
all in defined medium. ADPKD cells apparently required un-
known factor(s) in the serum which NK cells did not require.
Preliminary data indicate that human, equine, calf, and rat scra
contain these factor(s). An important feature of neoplastic cells
is a diminished or absent requirement for specific growth
factors in serum [32, 33], which may be due to autologous
synthesis of growth factors, synthesis of altered receptors for
Agar growth factors, or activation of the post-receptor pathway thatinduces cell division. In contrast to transformed cells, the
0.07 growth of ADPKD cells apparently is dependent upon one or
0.25 more serum factors.
In this study, it is apparent that cyst-derived epithelia also
responded in a unique way to known growth factors for normal
0.24 epithelial cells. ADPKD cells had little or no growth response to
0.07 EGF or transferrin alone, or a defined medium (Sens) contain-
ing insulin, transferrin, selenium, hydrocortisone, triiodothyro-
nine and EGF, factors that are mitogenic for a number of
normal epithelial cells including normal kidney cells in vitro. It
is unclear as yet whether this unresponsiveness of ADPKD
cells is due to absence or inaccessibility of specific receptors on
the cell surface, or to a post-receptor block along the mitogenic
pathway, or to a unique sensitivity to some inhibitory factor.
The unique growth response of cystic cells to serum and
specific growth factors may offer an important pathogenic role
in ADPKD. Elucidation of this altered cellular response may
give insight into the nature of the disease.
Although the cause of PKD is unknown, there is a growing
body of evidence that altered tubular epithelial cell growth is an
important pathogenic event in this entity 16—9]. Most data
suggesting increased cell proliferation as a causative factor in
PKD are based on morphological studies. There are no quanti-
tative studies comparing the growth rates of normal and cystic
renal epithelia. Although one report suggests accelerated cell
growth of ADPKD cells in vitro 134], cell growth rates and
doubling times were not determined. In this study NK cells
grew and propagated essentially as well in defined media as in
serum supplemented medium; however, ADPKD cells exhib-
ited minimal growth and could not be propagated in defined
medium alone, but required serum supplementation for growth
and propagation. In serum supplemented medium the growth
rate, cell doubling time and end cell number when growth
attained confluence of ADPKD and NK cells were similar.
Thus, ADPKD cells did not exhibit a more rapid growth rate
than NK cells in vitro.
Although transgenic mice expressing the SV4O oncogene
large T antigen have polycystic kidneys [351, cultured human
ADPKD cells did not exhibit any of the in vitro characteristics
100%
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0 IDME/F12 DME/F12 SENS
10%FCS ( Ir
Table 2. Ability of cells to clone on plastic and in soft agar
% Plating efficiency
Cells Plastic
Fig. 5. Response to growth factors by NK() orADPKD (0) cells on vitrogen-FCS
coated dishes for 6 days. Values represent
means SD.
NK isolate
ADPKD isolate
1 5.3
2 5.0
3 2.3
4 2.2
0.2
2.5
0.2
7860 100.0 10.2
Established cell line isolated from human renal cell carcinoma
ADPKD cells did not form tumors in nude mice. 106 Cystic
cells from four separate ADPKD isolates were injected subcu-
taneously into nude mice. No tumor growth was detected at the
injection sites in the four mice over a 16 week period. When I
mm fragments from three separate human carcinomas of the
pancreas were injected subcutaneously in this strain of nude
mice, 1.5 to 2 cm tumors developed within four weeks at the
injection sites.
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of transformed cells. ADPKD cells were not immortal. They
were sensitive to contact inhibition, were anchorage dependent,
and were unable to grow in low serum and non-tumorigenic in
nude mice.
Findings in this study do not support an increased rate of cell
growth or cellular transformation as factors in the pathogenesis
of ADPKD. This conclusion must be viewed with the knowl-
edge that the phenotypic characteristics of cells change when
placed in an in vitro environment. However, the significance of
the findings are enhanced by the fact that the features of
ADPKD cells were compared in vitro to normal human renal
epithelial cells. Data from this study warrant consideration of
other mechanisms in the pathogenesis of PKD. It has been
shown that the morphology and chemical composition of the
basement membranes of cysts are altered in ADPKD and
DPT-induced PKD. Thus, it may be profitable to direct atten-
tion to tubular cell-basement membrane interactions in studying
the pathogenesis of PKD.
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